Characterization of a 2[4Fe-4S] ferredoxin obtained by chemical insertion of the Fe-S clusters into the apoferredoxin II from Rhodobacter capsulatus.
The Rhodobacter capsulatus ferredoxin II (FdII) belongs to a family of 7Fe ferredoxins containing one [3Fe-4S] cluster and one [4Fe-4S] cluster. This protein, encoded by the fdxA gene, has been overproduced in Escherichia coli as a soluble apoferredoxin. The purified recombinant protein was subjected to reconstitution experiments by chemical incorporation of the Fe-S clusters under anaerobic conditions. A brown protein was obtained, the formation of which was dependent upon the complete unfolding of the polypeptide prior to incorporation of iron and sulfur atoms. The yield of the reconstituted product was higher when the reaction was carried out at slightly basic pH. The reconstituted ferredoxin was purified and shown to be distinct from the native [7Fe-8S] ferredoxin, based on several biochemical and spectroscopic criteria. In the oxidized state, EPR revealed the quasi-absence of [3Fe-4S] cluster. 1H-NMR spectroscopic analyses provided evidence that the protein was reconstituted as a 2[4Fe-4S] ferredoxin. This conclusion was further supported by the determination by electrospray mass spectrometry of the molecular mass of the reconstituted protein, which matched within 2 Da to the mass of the FdII polypeptide incremented of eight atoms each of iron and sulfur. Exposure of the reconstituted protein to air resulted in a fast and irreversible oxidative denaturation of the Fe-S clusters, without formation of [7Fe-8S] form. Unlike the natural 7Fe ferredoxin, the reconstituted ferredoxin appeared incompetent in an electron-transfer assay coupled to nitrogenase activity. The fact that the apoFdII was reconstituted as a highly unstable 8Fe ferredoxin instead of the 7Fe naturally occurring FdII is discussed in relation to the results obtained with other types of ferredoxins.